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1DESIGN OF A TRUNNION BASCULE BRIDGE
I - INTRODUCTION
Art . 1 . Preface
The literature on the suhject of the trunnion "bascule bridges ie
still very limited. The engineering periodicals have recorded more
in reference to their construction than of their principles. The
principle involved in such a movable bridge is by no means new; this
type being merely a modification of a bridge moving in a vertical
plane such as used in ancient times over castle moats. Bascule
bridges of the trunnion type are now considered as good practice for
highway bridges in cities.
It is not only the writer's object to investigate such a bridge,
but also he takes the opportunity to actually indicate a design of
trunnion bascule bridge for his own city; the city of Canton, China.
During the first part of the year 1912, the writer was working
in the Public Works Department of that city. Different schemes of
bridges and tunnels were proposed to cross the Canton River at Cantor
but no thought lias, so far, been given to the design of a trunnion
bascule bridge. It is hoped that a design similar to that submitted
tierewith will come before the authorities and be acceptable to them.
Many thanks are given to The Strauss Bascule Bridge Company of
Chicago, Mr. J. B. Strauss, President, who has kindly directed and
advised the writer in all respects and upon whose well known patentee
type of bascule the writer has based his figures. The Strauss Compa-
ny has provided the writer with a sketch and estimate for the pro-
posed structure, and in the event that the work is proceeded with, it
would necessarily have to be carried out under the direction of the

Strauss Company as Designing and Consulting Engineers, since arrange-
mcnts KUBt be made with them for the use of the design under their
patents and for the full and complete plans and specifications to
permit the work to be built. The study herev.^ith is not a working de-'
sign, but merely a general collation of the principal features which
are involved in such a design. The actual design would involve from
ten to fifteen drawings and would require the long experience and
special facilities which the Strauss Company has acquired in the de-
sign of the 100 or more bridges of their type in service and under
construct ion.
After carefully studying all the different systems of bascules
and the various types of each which would be suitable, the writer
finds the type of Strauss trunnion bascule shown herewith to fulfil!,
all the conditions. The writer finds further tliat the Strauss type
of trunnion bascule is the present standard for m.any leading railways
and municipalities throughout the world and that it has practically
superceded the earlier types of rolling contact bridges. The Canadian
Government has adopted the Strauss design on six or seven occasions;
the U. S .' Government has adopted it on two. It has been adopted by
the Isthmian Canal Commission, by the Cities of Chicago, St. Peters-
burg, Copenhagen, Quebec, Montreal, and many others, and by mny of
the leading railroads of the U. S. and Canada, such as the Canadian
Pacific Ry., and New York Central lines. For these reasons and be-
cause of the especial adaptability of the design to the conditions
existing at the proposed site, the writer has based his studies upon
the Strauss trunnion type of bascule.
The proposed bridge is located at the center of the business and
traffic_^of the City of Canton. A glance at the accompanying map.
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Plate No. 1 , will bring out the following general consideratim
s
which have governed the design herewith submitted:
(1) To utilize the North and South side of the river.
(2) To provide easy communication.
(3) To increase the speed of traffic.
(A) To develop the industrial capacity of the City.
(3) To provide an efficient as v;ell as an aesthetic desigi.
The data for the design of the bridge are stated in a concise
form as follows:
(1) YJidth of Clear Channel for navigation measured at right
angles to center line of channel 40^0"'
(2) Minimum clear height from mean high vrater to underside
of bridge when closed 25-0"
(3) Elevations:
Mean low v/ater El+O.OC
Mean high water E1+£?.0C
Bottom of clmnnel EI-13.OC
(4) Ordinary highway traffic to be provided for
(5) Single street car track
(6) Rail gauge 41^-
(7) No street car track required at present but provision
o be made for future development of traffic
(^) Width of bridge measured between curb lines 25 '-O**
(9) Number of sidewalks 2
(10) vadth of each sidewalk 6'-.0
(11) Roadway to be paved with treated wood
(12) Sidewalks to be paved with white pine planks
(13) Live load to be provided for city street car and ordi-
nary highway traff ic
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(14) Electrical power available for operation of bridge, D. C.
220 volts, 56c cycles, 3 phase j emergency hand operation is required.
(15) There is no bridge over the river at present and therefore
no such plans are available. The approach spans are to be designed
at the same time.
(16) Double leaf type of bascule is preferred.
(17) The full clear width of the channel to be maintained during
erection.
Art. 2. The Advantages of the Trunnion Bascule Bridge
The advantages of this bridge may be classified as follov/s:
1. General advantages
1. It permits of future addition of adjacent bridges or
additional tracks on either or both sides, without re-
construction or interference with traffic. This is im-
possible with the swing bridge.
2. It needs be only opened fully for the larger vessels.
The swing bridge must be opened fully for all vessels.
3. It affords quicker passage of vessels and resumption of
traffic than any other type.
4. It closes the roadway absolutely on both sides elimi-
nating the "open draw" danger existing in swing and lift
br idges
.
5. It can be erected without interception of the water
traffic.
6. It does not encroach on adjacent property or docks and
does not isolate the operator from shore when open, as
in the swing and cable lift bridges.
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77, It is statically determinate throughout; when closed it
becoices a stat ionary span and involves no adjustment in
operation or approximation in design.
^, Its wearing parts are concentrated into a few compact
units, thoroughly protected and lubricated and not sub-
jected to derangement. There are no small parts, often
buried in dirt, such as spiders, centers and rollers;
and there are no racks, guides, cables, sheaves or equalf
Izers as in other types of movable bridges.
2. Specific advantages
1, The underneath count erv^eight type gives a better appear-
ance than the overhead countervreight type.
2, It permits of traffic of any height to pass through the
bridge while an overhead counterweight type will not.
3, The whole moving leaf rests on the front support when
the bridge is closed. This results a safer condition
than it rests on a bumper and an anchorage on the mason-
ry.
Art. 3« General Dimensions
The general dimensions of the bridge are shown in Plate II. It
may be necessary and interesting to explain every part in detail.
1. The bascule span, An unfavorable condition of this bridge if
that it is required to maintain a clear rise of 23^0** for the
ordinary water traffic. A heavy gradient of 7f-> is establishe:.
in order to connect the two elevated approach roads. The bas
cule span is lOOlO" from C. to C. of trunnion, being so loca-
ted as to keep the width of the clear channel ^0-0", The

distance "between the center line of the post of the front
support and the center line of the roain trunnion post is 6^-0".
This should be kept as near as possible because the piers
constructed under water cost more and still more for the pro-
tection of the same. However, it is very important that thee;
posts must be so located that the uplifting effect i reduced
by the maximum live load and dead load of the moving leaf in
front of the support must be absolutely counteracted or a
little overcome by the downward effect due to the concrete
counterweight about the main trunnion. For this reason the
counterweight pier, i.e., the point of application of the
counterweight, is located at a dietance 1 0-i-O" from the center
line of the main trunnion,
2. The approach spans are located after the bascu3e span has
been determined. The trusses of the approach spans rest on
the cross girders which, in turn, rest on the jjosts of the
front support. The main trunnions are supported on one side
on the inside trunnion post and on the other side on plates
riveted to the end members of the trusses of the approach
span.
3. The approach roads are elevated in order to maintain the prop'
er gradient of the bridge. This gradient cannot be finally
determined until the local conditions have been further care-
fully studied.
Art. 4. Specifications
No complete specifications have thus far been issued for bascule
Dridges. The limited time at the disposal of the writer prevents hin
['rom preparing one. A brief synopsis is hereby given as follows:

9
1. The live load shall be provided for according to Cooper's
"c5eneral Specifications for Steel Highway and Electric Street
Railway Bridges and Viaducts" 1 9 C9 , class "c" .
2. Stresses for structural steel and pins and cast steel for
structural purposes are to be 3/^ of the dead load and live
load stresses given in the Cooper's specifications.
Journal bearing on trunnion under motion 1^700 lbs, per sq.in
3. Operating machinery:
Figure the strength of the operating machinery for a vT-ind
load of 15 lbs. per sq. ft. as above, using the following
unit stresses:
Slow speed shafting 16,000 lbs. per sq. in.
High speed shafting 12,300 lbs. per sq. in.
Slow speed gears 17»300 lbs. per sq. in.
High speed gears 9,000 lbs. per sq. in.
Medium speed gears 12,500 lbs. per sq. in.
4« Motors:
Figure motors strong enough to operate the bridge against a
wind pressure of 2 1 /2 lbs. per sq, ft, of moving leaf, as
above, in 1 l/2 minute, and also sufficient to operate bridge
against a wind pressure of 10 lbs, per sq, ft,
5« Materials, workmanship and manner of bidding shall be in ac-
cordance T^ith Mr. B. R. Leffler's specifications for movable
bridges 1912. In case of any omittance of the clauses in
the latter the Cooper's specifications should be ob-
served. In case of any misunderstanding arising from the
specifications the engineer- in- charge or his duly appointed
representative shall be consulted, Hi^ 'decision shall be
final
.

II - STRESSES
Art . 5 • We ight
It is impossible to have a formula -v^hich will give the approxi-
mate v/eight of the bridge of this type and class with girders of va-
riable depths. The only way to accomplish this is by trials.
The writer has found that the formula for the weight of a first
class highway bridge given by Mr. E. S. Shaw and adopted by Professoi'
F. 0. Dul'our checks up very closely the actual v/eight of the bridge.
The formula stands as:
w = 300 + 1 + 22b + Yjbld + :j^l)
where
1 = length of span in feet, the distance between C. to C.
of trunnions is referred to in this case,
b = width of the bridge, and
w = weight in pounds per linear foot.
Owing to the special construction of this bridge the trunnion
ends require more metal. A 15?^ of the total weight of each leaf is
added for each trunnion end. It results in the follovring weights of
structural steel for the tJ-iree different spans:
Bascule span 225,000 lbs.
75-0*' Approach span 75,000 lbs.
53-0" Approach span 50,000 lbs.
The total dead load for each bascule leaf ie therefore 112,500
pounds plus 2 2?, 5 00 pounds, the weight of the floor, hand rail, track!!
and so on, or 1 41 ,000 pounds. This dead load is divided into two
portions 115,000 Ibe . in front and 2^,000 lbs. at the back of the
trunnion being proportional to the area of the girder at the corres-
ponding sections.

!The panel points are so located as to test suit tne conditionsj
shown in Plate III. The panel loads are distributed proportionally
\
to tne ordinates at trie corresponding panel points. .\3 will "oe seen
in Plate IV, a graph shows tne panel points as the abscissas: and the
ordinate on one side represents the depth of the girder at the cor-
j
responding panel point and on the other the proportional weights of
the girder. The concentrations are clearly shown in Plate III.
Art.o. Positions for wiaxiKia and wiinima
Por truss spans the stresses are computed when closed and sub-
jected to full dead load. MaxiiLUii; live load, and wind load stressesj
and also stresses due to D.L. and \V. L. when^opened at angles of
oQo and the full angle of opening are computed. However, this is not.,
necessary for a girder span. Because the bottom flange jf tne gir- «
der already acts as a column due to maximuia loading, it is -iuite
safe to compute the maximum stresses when closed, and assume the
bridge safe for all position when opened.
Art.?. Determination of Count erweignt and Pier reactions
The weight of the counterweight has already b^^en ascribed to
be determined to satisfy two conditions, viz:
(1) To absolutely balance the weight of tne bridge in front of
the front support in all positions, whether closed or operpd
(2) To absolutely counteract the uplifting effect due to dead
load and maximum live load imposed upon the bridge in front
of the front support.
From investigations of these two conditions a counterweight
weighing 110,000 pounds is required. The results of the moments and
the pier reactions due to dead load and maximum live loads are com-
puted and shown in Plate III.

kto
k
I
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I ^ ^ § ^
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Art. ^. Stresees in Counterweight Frame
The stresses are coniputed upon the assumption th^t the concrete
acts uniformly upon a warren girder. See Plate V. The stresses and
sections s.re computed as shown. The design of the counterweight re-
quires much care regarding its shape. This shall "be dealt with more
detailed in Art . 1
Art. 9» Flange Stresses and Areas
The maximi-im live load stresses are com-puted when the wheel con-
centration comes right at the end of the cantilever and the portion
of the bridge in front of the section considered is subjected to
full maximum live load. The distance between b. to b. of flange
angles less 3" to 2" is taken as effective depth of the girder. Re-
sults are tabulated in Table I.



TABLE I
STRESSES AND SECTION OF FLANGE
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Total Total M.D.L. M.L.L. Dep. in Depth
Sec- Mom. Mmox on one on one f t . B bet
.
Unit
tion D.L. L.L. leaf leaf to B J8 e.g. D.L. Stress Area
of
- Flan.
2 55.2 2^0.0 1 7.60 140.0 1 .94 1 .52 11 .57 1^.75 0.62
4 122.6 ^2^.25 61 .50 414.1 2.4g 2.15 2^.46 1^.75 1 .52
6 326.5 1562.6 165.25 721 .5 5.71 3.56J 4g.50 ie?.75 2.525
^ 6s'g.o 253^.0 544.00 1 1 69.0 5.59 5.55 64.60 12.75 5.416
1 1 1 92.0 3^37.0 596.00 191 ^.5 ^.00 7.75 77.00 1^.75 4.11
T 1 9500 -6.2 975.00 1 0.00 9.75 1 00.00 12.75 *1 4.47
C
*It is maximiiiK when "bridge is in opened position, subjected to
15 lb. per sq. ft. wind pressure.
Net
^ ^
Flange Actual Area Section
L.L. Unit Area Req. Gross Net
Stress sq.in.
92.29.52 9.2 10.0 27.44 22.75 2- X 6" x^^js l-U^x^pls
192.5 9.52 20.4 21.95 27.4^ 22.75 2 " 1 "
251.0 9.5^ 24.6 27.4g 57.55 50.^1 2 * 2 "
219.5 9.52 23.35 26.76 57.55 50. g1 2 " 2 "
247.5 9.52 25.25 29.56 57.55 50.21 2 - 2 X 6 X ^£ 2-14" x|pls
o
^ ° 14.47 See Detail Drawing
« w «
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III DESIGN OF THE BASCULE SPAN
Art. 10. Flanges
The design of flanges is unvariably the same as that for the
ordinary span. It shall ccnsist of two steps.
1. The first step is to design the flange areas approximately.
Referring to Cooper's specifications. Art. ^S, the area of the angleji
shall he at least half the total area of one flange. The approximat
:
area of one angle is therefore determined by dividing the total area
by 4. The holes for rivetB must be deducted therefrom. The moment
produced by dead load and live load is maximuiii at the support de-
creasing towards the ends. Let us consider the section 10-11 where
it subjects to maximum moment. It is found that 2 - x 6" x
^
(s
and 2 - 14" x ^ cover plates satisfy the condition.
2. Now, the second step is to investigate what would be the ac-
tual area required. This is done by finding the distance between
the centers of gravity of the two flanges, the area about which the
resultant of the stress is assumed to act. By taking moment about
the back of the flange it is found that
A
where
X e.g. distance of e.g. of one flange
froFi back of flange.
a
1
gross sectional area of cover plates,
X
1
Distance of e.g. of plate from back,
of flange/
a
2 gross area of the two angles, and
^2 distance of e.g. of the angles
from back of flange.

1 ^
The area between the two centers of gravity may be found by
subtracting twice the distsnce X e.g. from the total depth of the
section considered. These actual areas are calculated and tabu-
lated against the area provided, see Table I.
The cover plates are designed to be 14" v/ide being less than 1"
outside of the outstanding lege of the angles. The lengths of the
cover plates are determined from the moment diagram Plate VI. In
this diagram the panel points of the bridge are plotted as abscissa
and the net area required at that point as ordinates. By try and cut
method the lengths of the cover plates are determined. All the cover
plates are preferably made of a whole piece of full length for two
reasons, to prevent the moisture <^<s-Hivg in between and to increase
the stiffness of the vfhole girder.
Art . 11. V^eb
Webs are designed to take all the shear. As Cooper's specifi-
cations do not give the allowable live load shearing strain, the im-
pact formula V = ^^^^""^^ is used, tliis being on the safe side. Where
S = shearing strain due to live load, and
L = loaded length of the bridge*
The web plate cannot be made of one v.'-hole plate because it is
controlled by the market size of the material. It is found to be
most economical in material to splice the web in two sections as
shown in detail drawing Plate XII. In designing the v/eb splice, the
number of rivets should be sufficient to tranBm.it the total shear
at the section. The joint is conveniently made at the panel points
because it will save riveting work. The number of rivets required
shall be twice that for the stiffeners at the section spliced.
T
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The thickness of the splice plate shall be the same as that of the
web. The thicknesses of the web are determined as shown in Table II
Art, 12. Rivet Spacings
The rivet spacing is determined by the formula
P V
where
p = the spsicing in inches,
V = the bearing or shearing value of one rivet. From Cam-
bria steel handbook 1 - *j rivet on ^ plate under
double shear it gives 6,535 lbs .j and
V = Max. shear at panel point considered.
The spacing of rivets on the top flange is to be determined by
investigating the shearing of the rivets in transmitting the change
of moment. But the spacing thus obtained is ver;; igr^^at. The spac-
ings of the rivet in the flange are therefore arranged by the method
of stagging. The rivet spacings are calculated as shown in Table 11^
Art. 13. Stiffeners
Accoi'ding to Cooper's Specif icationSj Art . 59 > "the web-plate
girder must be stiffened wherever the unit shearing strain per sq.inj,
exceeds the strained allowed by the following formula"
Allowed shearing strain = 12500 - 90H
whero
H = ratio of the depth of the girder to the thickness of the wefl^
The deepest portion of the web subjected to greatest shear is
at panel point 10, where it is found
P = 12500 - 90 X —21- = -q??50 lbs. per sq.in.
0.375

TABLE II
STRESSES AND SECTION OF MEB
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Unit
Section D.L. L.L. Imp
.
Total Depth" Stress t.req'd. Actual t.
0-2 1 9.00 1 g.4 47.94 21 .275 10.0 0.21 ^«
2-4 2.00 36.50 33.95 76.45 2^.1 75 1 0.0 0.272 ft
14.70 50.95 47.50 113.15 42.^75 10.0 0.264 M
24.90 65.75 5^.90 149.55 ^5*373 1 0.0 0.232 ft
g-1 39.35 J^7.95 77.60 204.90 94.375 10.0 0.21 2 n
1 0-T 1 90.50 306.30 1
1
B.375 10.0 See Detail draw
'
g*
T-C 190.50 1 1 0.00 6A .50 10.0 M »f 11
This section is controlled by bearing on pin.
TABLE III
RIVET SPACINGS
Section Maximum
shear
Effective
depth
Bearing
of one
rivet
Calculd.
pitch
Actual
spac ings
2 47.94 1^.23 6563 2.50
1"
2^ Alt.
4 76.45 25 .go 6563 2.22
1
"
^4
6 113.15 40.50 6563 2.34
149.55 64.1 6563 2.^2
1 204.90 93.00 65^3 2.9^ 3".o "
T 306.30 1 1 7.00 6563 2.51 2.5 "
C 1 1 0.00 66.60 6565 ^.«7 4".0 "
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This means that v/hatever small amount of shear be applied at
this point, stiffeners are necessary. Further, the specifications
require the stiffeners to be spaced at distance apart not greater
than d, the dei>th of the girder. The shallowest part of the girder
is 2'— 1 ^" , the stiffeners are there!-
fore arranged to put three in each
panel. The angles for the stiffen-
ers should have sufficiently long
outstanding legs to connect the f loot'
beams, see Fig. 1. The minimum sec-
tion to be used is
^2 ^ "^2 ^ ^ ^
According to Art. 4o, P = 130OO -
try 4 - 3|-" X 5^ x
,1 «
Fig* !•
load strain
least radius of gyration is to be determined thus:
6oi. Using
^ of this value for live
" |B for panel point 1C. r, the
Mom. of Inert, of angles =
Area of 2 angles x X*c.g. =
^ ^
7 X (0.094)3
Mom. of web = *^ =
Area of web x X'c.g. =
2
Moment of Inertia of section
r =
1 =
P = 13000 - 60 X 77.20 =
5.74 in^
lg.75 "
0.49 "
2.0^ "
27.06
1.53 ins
.
11^.375
^,370 lbs. per sq.in.
for dead load strain and 55^0 lbs. per sq.in, for live load strain.
Area required for dead load strain = ^^*|^ = 4.70 sq.in.
Area required for live load strain = - ^'^^ = 15.75 sq.in.5.5s
Total area required
Actual area provided
20.45 sq.in.
23.12 sq.in.

1 « 1 « ^« ^Again, let us try two 3^ ^ x g (jb at panel point S.
23
P for dead load =
P for live load =
Area for dead load =
Area for live load =
Total area required =
Actual area provided =
24>90 ^
1 0.32
6.90
10,320 lbs. per eq.jn.
6,900 l"bB. per eq.in.
2.4l sq.in.
9.33 sq.in.
1 1 .74 sq. in.
1 1 .50 sq . in
.
Therefore ^ ^2 ^ s used for all stiffeners through-
out
The number of rivets in each etiffener is to be determined to
be sufficient to transmit the shear at the section. The bearing
value of each
^
rivet is 6,563 lbs. The results are as follows:
Panel Pt . No. of Rivets
2 g
4 12
6 17
i 23
10 31
T 47
17
Art. 14. Lateral System
Fig. 2

24
The lateral eystem is deBigned as a warren truss resting on two
ends. This resists a wind pressure of 15O lbs. per linear foot.
The panel loads are computed as shown per sketch. The react im
is calculated to be 1^7^2 lbs. and R2 to be 2,626 lbs. The stresses
in the members are very small. The minimum section of the structur-
al steel will control the design. For compression members the max-
imum ratio of i- is 120 and minimum thickness of metal allowed is ^ 1
As the wind may blow from either side ' - the members may^a Iter-
nately subject to com^pression or tension. The maximiom length of the
members is 132 inches. The least radius of gyration will be 1" .0^.
Hence " 3^ ^ iT ^^S-^® used, as shown in Plate VI
Art. 13- Stringers
There are three kinds of stringers, the track stringers, the
roadway stringers and the sidewalk stringers.
The roadv/ay stringers: The dead load bearing on this stringer
is composed of the weight of the floor and the weight of the stringea:
itself; this is computed to be 7^0 pounds. The moment due to this
dead load is 1^670 foot pounds and the shear due to live load are com-
puted according to Cooper's specifications. Art. to be 12,500
foot pounds and 4^00 pounds respectively. The allowable unit strain
for both dead and live load is 15,000 pounds per square inch. Th©
modulus section is thus determined to be 13«30 inches^. An ^"iwi^i^
gives a modulus section of 14.20 inches-^ is satisfactory.
Similar ily, the track stringers and the sidewalk stringers are
designed. The results are tabulated in Table IV where the shears,
moments and sections are given. The section of the stringers has to
be chosen with special care to fit the depths of the floor and the
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girder
Art. 16. CrosG-Girdere and Frames
There are two kinds of cross girders, one supporting the floor
and the other the moving girder and the approach bridge.
The cross girders in the floor are subjected to the dead load
and live load as per Fig. 3»
L.L. so' )
^ 3-7^
c
- 4-
- Z
7^
7 -
3 '7^—
»
SLo'ryS
Fi g . 3 .
Weight of wood pavement = 5,6 1 lbs
Weight of stringers, track and girders = 3,167 lbs
Total dead load of one girder = ^777 lbs
Live load = 5,100 lbs from
both ends of the girder. Shear and moment due to dead load are
4,3^2.5 pounds and 5,9330 foot-pounds respectively. Shear and momients
due to live load are 14100 pounds and 190,500 foot-pounds. In order
to put this inside the moving girder and al'^ow space for the floor
, It 1
"
it is necessary to use an IS-inch deep built-up girder 2-7x3^ xi:
/nil"i-g angles and 1 - 1 S" x '^^'^ plate will meet all the requirement;
The croBB-girder supporting the approach bridge and the moving
girder is designed to be a box shape with three webs in order to
transmit the shear readily to the column below. The shear will con-
trol the section. The total dead load is 1^5,500 lbs. total live
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load 1^6,770 Ibe and impaot 1 61,500 Iba^ A girder 2*0" deep with
3-1" webs uill be strong enough. The moment due to the load trans'
mitted from the moving girder is very small and need not be consid-
orod. The size of the flange angle is therefore controlled by the
pitch of the rivets which is found to be 1 .65 inches. Hence
4 - 3!" X 3" X ^ angles v;ill be satisfactory. The cover plates are2 o .
made to be 20" s a^^^" purpose of keeping off the mois-
ture and resulting in a better appearance.
The cross frames a+ panel points ^ are designed as warren gird-
an<c|
ers^the sections are selected as shown in Plate xil.
The inside trunnion posts are braced by a cross frame which is
essentially the same as the former. This frame has to support "the^i^
load due to the approach span.
In designing this frame attention should be paid to the fact
that the moving leaf ?ias to be guided by means of two channels of
proper size at the same level of the stringers in the floor.
Art. 17. Sidewalk Brackets
The typical sidewalk bracket is shown in the detail drawing
Plate XI. It consists of 4 angles and one plate. The top chord is
«an<d 'i-s is
in tension^called
,
and bottom in compression^called 'S>2* Dead
load due to the sidewalk floor system is estimated to be 3OO lbs.
plus 100 lbs. the weight of the bracket itself, which makes a total
of 600 lbs. The live load is fig-'jred for 100 lbs. per sq. ft. By
taking moments about the intersections of the center line of the top
chord or the bottom chord and the center line of the girder and
are readily computed as shown.

2^
S^D.L. = +750 lbs
S^L.L. = +10,620 lbs
SgD.L. = -^10 lbs
SgL.L. = -12,750 lbs
For compression member as struts the Cooper's specifications,
Art. 47 requires P*13,000 - 6oi lbs. per sq.in. for D.L. and j of thiii
for L.L. Try 2 - 3^** x 2^ x ^ angles . ^^ner, least radius of gy-
ration^= I.IO"; P is found to be 9,000 lbs. per sq.in. for D.L. and
6,000 for L.L. The total area required is 3*02 sq.in. The actual
area provided is 3*56 sq.in. This is the minimum section and is
therefore used. The same section is used for the tension members.
The maximum shear due to live load is 4,250 pounds, impact 4,1^0
pounds, and dead load 60^ounds, totalling 9>030 pounds. /\ v^eb plate
of ^— inches thick is sufficient. The brackets at panel points
16
and 2 on one moving leaf are specially arranged so as to hold the
locking machinery such as sho^vn in Plate XII.
Art. 1^. Counterweight Frame
The dimensions of the counterweight have to be determined with
particular attention to the obstructions of its surroundings.
1 It must be clear of the high water line when the bridge is
fully opened.
2 It should be so shaped as to fit into the space between the
trunnion posts.
-for ii
3 It is preferable^ not to extend outside of the tail of the
moving girder in order to shorten the span of the stringer between
the cross frame bracing the main trunnion posts and the nearest
cross girder of the approach span.
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4i The weight of concrete for the counterweight is approximate-
ly determined to be 220,000 lbs< acting at an arm of lOLO" from the
center line of the main trunnion. This weight cannot be actually
and finally determined until the center of gravity of the moving hall'
has been calculated from the shop drawing. The concrete mixed of onk
part cement, three parts of^'sand and five parts of crushed stone
1
(1:3^5) weighs very nearly 14(^ lbs. per cubic foot or 4p00 lbs. per
cubic yard. The dimensions are approximately designed as per Plate
V. The pocket at center of the counterweight is to be about ^ Ofo of
the total volume in order to maintain a flexibility to adjust bal-
ance .
Sufficient tests are necessary to determine the exact weight of
the concrete before any is placed.
The final weight and outline of the concrete required are to be
determined from the moment of each item about the arm of its center
of gravity and its axis of rotation as calculated from the shop draw'
ings
.
The whole concrete block shall be covered with a wire cloth
3" X 3" m.esh and reinforced with ^-.inch diameter plain round bars of
medium stoel.
All bays shall have a 6 -inch bent end anchored about a trans-
verse bay and to be wired at intersections.
Art. ^^* Trunnions and Link Pins
The maximum load which the main trunnion is subjected to is
when the bridge is opened. This is composed of the dead load of the
moving leaf and the counterweight and the effect of the wind load*
The total dead load is 3^1 ,000 pounds and the wind load, assuming
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75 pounds per linear foot of the bridge, is 3*^5^ pounds. These
loads sum up to 364,4^0 pounds.
Investigating the bending effect the bending moment produced
by this load upon each trunnion is 131,000 inch-pounds. The resist-
ing moment of each trunnion is
f>^^cL^ 4. 2 ^ 0.196 f^^d'
where 32 d
f]uj = the allowable bending stress,
20,000 pounds per sq. in.
d = the diameter at center of the
main trunnion
By equating the resisting moment of the trunnion and the bend-
ing moment due the total load as computed above, d is computed to
be 1^ .
Now, investigating the bearing resistance of the trunnion, it
has just been found that the total pressure bearing upon the trun-
nion is 1^3,973 pounds. The allowable bearing stress is 22,3^0
pounds per sq. in. The total width of the web at trunnion is 1
.
inches
.
By equating the total bearing resistance of each trunnion and
the total pressure imposed thereon it is found that d = 13"»^2 will
be sufficient. Consequently, the diameter at center of the trun-
1 tt
nion
, 1^ provided for bending^ is more than sufficient to provide
for bearing.
The diameter at ends of the main trunnion near the bearings is
controlled by shearing.
The total shear on each trunnion is 1^3*975 pounds and the tota
shearing resistance is
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where: fs = the allowable shearing strain 10,000 pounds per square
inch
.
By equating the total shear and the shearing resistance of the
trunnion, d is determined to be 13 •29 or '^5-:^ inches at the ends.
The details of the trunnion shall be as shown in Plate VIII.
Similarly, the diameter of the counterweight is calculated to
bB 11^ inches. This trunnion, however, is to be made of uniform
diameter in order to increase the bearing areas at the supports.
Generally, a wedge shaped steel^is riveted to the channels^ the
hanger of the counterweight if the bearing area of the channels is
not sufficient.
The first and second link pins are not subjected to any force
since the whole counterweight is absolutely balanced in any position,
The diameter of these pins are therefore emperically made
4^ inches
.
The positions of the link pins are located as shown in Plate II
The lines joining the centers of the trunnions and pins shall form a
parallelogram following the principle of "a quadric parallel crank".
only
f.
. ^
This link^serves the , purpose d-r guidinj^he movement of the
counterweight and is not subjected to any force theoretically. The
1 ftlength of the pin is 10^-0^ which cannot be finally determined until
the e.g. of the moving leaf has been calculated from the shop draw-
ings .
Art. 20. Center of Gravity of the Moving Leaf and End Deflections
The center of gravity of the moving leaf in front of the main
trunnion has to be first approximately ascertained in order to deter-
mine the pier reactions and the weight of the counterweight. This
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iB accomplished by trials. A pieco of card "board is cut to exactly
the shape of the portion of the moving girder in front of the main
trunnion. A point may be found within this portion of the cardboard
8 that if a fine needle be pinned at that point the whole cardboard
shall be in equilibrium at any position* This point is very approxi
mately the e.g. of the portion of the bridge sought, and in this
case it has been found to be 17«20 feet from the center of the main
trunnion.
The end deflections for the girder are not important because th^
girder has to be T]ade shorter in order to allow the necessary clear
ance due to the angular deviation when the bridge is opened* This
allowance is much greater than that due to the end deflections. For
this reason the girder is designed^6 inches from the center line of
the channel or a total clearance of 1-0" is provided for the two
leaves. The joint at the break in floor is made i. inch vride
.
A 2
Art. 21. Locking Rods and Bumpers
The only purpose of the locking rods is that of locking the
bridge. These rods are not subjected to any force except a little
bending due to the deflection of live load imposed upon the bridge
and a little shear due the wind pressure. Two rods 6 inches square
are provided in this case and is shown on Plate IX.
The bumper is designed so as to stop the bridge when the bridge
is fully opened* See detail drawing Plate XIT.
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IV THE MACHINERY
Art. 22, The Inertia of the Span
The full angle of opening has to be first computed. The dis-
tance from the center of the trunnion to the underside of the end of
the girder is 50.02 feet; and 10.00 feet when the bridge is fully
opened since the clear width of the channel for navigation is 40i.O"
measured at right angles to the center line of the channel. The ful!
angle of opening of the bridge is cos""' . 1 993 or 7^-30' exact^-
Since the girder is set up at 7°/o gradient / the line drawn
horizontally through the center of the main trunnion is at an angle
5^13' in advance of the full angle of opening.
Hence the full angular movement of the circular rack of the
bridge is 75^1 3 * •
It has already been stated that the weight of the bridge in
front of the trunnion is absolutely counteracted by the counterweigh:
and the weight of the portion of the bridge behind the trunnion. It
is apparent that the power required to overcome the moment of inert iji
of the moving leaf is very email compared to that required to operatn
it against the resistance of wind and frictions and may therefore be
neglected
.
Art. 23 • "Wind Resistance
The motor is to be strong enough to operate the bridge a^ inst
a wind pressure of two and one-half pounds per square foot in o ne and
half minutes and also to operate the same against a wind preseude of
10 pounds per square foot at slow speed. The machinery shall be
strong enough to stand a wind pressure of 13 pounds per square foot*
1
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Art. 24. Friotional Resistance
According to Leffler*s specif ioat lone , Arts. 21 and 22.
Efficiency for one trunnion 0.975
Efficiency for one shaft O.930
Efficiency for one pair of gearing 0.940
In the operating machinery there will be four pairs of gearing
including two pairs of pinions for two girders, three shafts and two
trunnions
.
Hence the total efficiency = (0.975)* x (0.93)^ x (.940)^
= 0.66^
Art. 23 • Power Required for Operating
1. To operate the hridge against a wind pressure of 2^ pounds
per square foot in 1^ minutes.
The force necessary to overcome the wind resistance at pitch
line of the rack is 2.5 x ^^^^ ^ = VjZ^O pounds. Assuming
the total wind pressure acts at center of the moving leaf and at a
lever arm of 25 'C" from the center of the trunnion, the radius of
the pitch circle of the rack is 7'0" exact.
The linear velocity of the pitch circle of the rack =
ctr = Zlii^i-S-Jt X 7 = 5.96 ft. per minute
where 1 ^0° x 1 .5
(JO - Speed of P.O. of rack radius per minute
r = Radius of P.O. of rack in ft.
The work done at the pitch circle of the rack = force z velo-
city = 17,7b'0 X 5*96 = 106,000 foot-pound-minutes. If n denotes the
number of brake horse-powers, B.H.F.j of the motor then
n X 33,000 = 106,000 X 1 00
66.
g
n = 4.^2
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The B.H.P. of the motor shall be 4.^2. This is too sitiall as
justified from the ordinary practice.
2. To operate the bridge against a wind pressure of 10 pounds
per square foot at slow speed, of say 2 minutes.
The work done at the P.O. of the rack necessary to overcome
the wind resistance in the time of opening to the full angle is
^^^nn v 7 3 » 1
5
X T ^ - foot-pound >-rainutes, then n the number of73,100 X ^g-Q"^ I— X 7
^
brake horse power of the motor as before is 73100 x 73»15 x it m. 7
33000 X 0.^5?x
~
1^.1. So that a 20 H.P. motor of the ascribed type is used.
Art. 26. The Operating Machinery
1# The gearings and their velocity ratios are determined follow
ing the principle that angular velocities of gearings vary inversely
as their diameters, the following formula is derived
where
2s_ACE G
= Speed of the rack r.p.m. = 0.14
~
^P®®^ motor r.p.m.= 5^0
A-B-C Fitch diameters of the wheels
Js 0.14 2 „ 2- i_ V i-% ~ ~ 70 * 10 ^ 10
From these ratios the gearings and velocities are determined as
per Plate X. Similar ily, the gearings for the locking irachinery are
determined and shown in Plate IX.
2. Countershafts are designed by Unwin's formula
Twisting moment produced by the motor upon the shaft is
63,025|
a

3^
Resisting moment of the shaft is
where
T5
H = Horse power of the motor transmitter by the shaft^
N = Speed of the shaft r.p.m.,
d = diameter of the shaft , ao^J
f = Working allowable stress in torsion, see
speoif Icat ions , Art. 4.
By equating the twisting and resisting moments diameters of the
shafts may be determined.
3. The bevel wheels are to be involute type. Unwin gives the
following formulas:
1 00 ^
t = 0.4gp
h = 0.30p
d = C.40p
where
p = pitch of the teeth,
P = Horse power transmitted by the teeth,
f = Allowable working bending stress of cast steely
t = thickness of teeth at pitch circle;
h = height of point of tooth measured from P.C.^and
d = depth of bottom of tooth m.easured from P.C .
The pitch of the teeth is first calculated from the formula and
recalculated from the length of the circumference of the pitch cir-
cle after the nearest even number of teeth is selected from the pre-
determined pitch.
4 The bearings for the shafts are to be designed according to
Unwin 's proportions as shown in Plate XI.
3

5^
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V SUBSTRUCTURE
Art. 27 • Determination of the Load Effects
The load effects have already been determined in Art. 7» and
tabulated in Plate XII.
The reactions on each main trunnion post near the approach
bridge of longer span are
90,300 pounds due to dead load
146,000 pounds due to wind load
The reactions on each post of the front support are
1^3*500 pounds due to dead load
1^6,770 pounds due to live load
Art. 2^. Design of Struts and Bracings
1. The main trunnion posts. Cooper's specifications require
P = 11,000 - 4oi for live load strain pounds per sq.in.
P = 22,000 - goi for de.ad load ** " h n «
r
Try 2 - 12" C20.5 I'bs . and 1 - 1 2" I31 .5"^^^* placed 20" back to back
of channels as per Fig. 4. The least
radius of gyrations is to be deter-
X mined as follows:
I XX = 215.^ ins-^
I XX = 25 6.2 ins^
I section xx = 472.0 ins-5
P'ig. 4. Area of section 21.32 sq.in.
Zo
Hence r, the least radius of gyration of the section is \C72.0^21
.32H
4". 90.
The maximum length of the inside trunnion post is 21 *-6" or 25
S
inches
.

P iB therefore fo"und^^,^50 pounds per sq.in. for live load
and 17,700 pounds per sq. in. for dead load.
Area of section required for D.L. = ^^'^ = 5«1 sq.in.
17.7
Area of section required for L.L. = = I6.5 sq.in.
Total area required = 21.6 sq.in.
Total area provided = 21.32 sq.in.
Siirilarily, 2 - 1 2" [35 '^^* and 1 - 1 2133 spaced in the same
way as before gives sufficient strength.
2. Bracings are designed by the minimum sections of angles. The
^ns +00 cV erf
wind 1 oad ^i-ne^^^^ ^ sma 1 1 to be appreciable^ worth^^cons idera+io/i, see
detail drawing Plate XTT.
Art. 29. Grillage Foundations
The total load imposed upon the post of the front support is
371,270 lbs. as prescribed. Now, as the foundation of the bridge
is rock then the controlling bearing resistance will be that of
concrete for which the allowable unit pressure is 50,400 pounds per
square foot. The total bearing area required will be 7*35 sq. ft.
The dimension will be shown as in the detail Plate XII. In the de-
signing of the grillage beams it is necessary to investigate both
the bending and the shearing effects.
The modulus section of each beam required is 350 x 4 x 1 ^'
2 K I6p00 =
14.6 and the thickness of v/eb required is ^50 x 4 x 1 g 0.126 ins.
2 X 10,000 ~
^" t1 are chosen and arranged as shown in detail drawing Plate XII
Similar ily the foundations for the main trunnion posts are designed
and shown in the same plate.
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VI DESIGN CORRECTION
Art. 30 THE ACTUAL WEIGHT OF THE BRIDGE
TABLE V
Item No. of
Pieces
Total
Length
Section Unit
We ight
Total
Weight
Web 1 61 *70 4* .66 X 1" 71 .4 4400.0
Rein & Web 2 1 7 ' . 00 6' .50 X tM- 19^.^ 6760.0
Flangeplate 1 .75
C II
14" X 1 29.75 1,450.0
n
1 61 .70 do do 1.2^35 .0
1 60' .00 do do 1,7^5.0
n
1 50' .50 do do 1,500.0
Flange angles 2 61 ' .7 X 6" X ^" 33.9 4,1 go .
It It 2 65'.
7
do do 4Ai 0.0
Total weight for one girder 26520.0
Lateral System
All meinberB 1 1^6* .^0
1" 1" R
^2 ^ ^2 ^ 1% s 7.2 1.349.0
20 Brackets each thus ••
Angles 1 9'.
3
3I X 2i X B 6.1 56.7
Plate 1 1*.3 5'0« X
^
62.^ g1 .6
Total weight of twenty brackets = 2
Floor System
X 1 3^.3 = 2760
Cross girder 27 '0"
2 - 7"x3i"xi^
1 - 1g-x j^pl.
s
gg.07 1,9050
Cross frame 1
Angles 1 54 'O" 4" X 3" X s 7.2 3^9
1 650* .0" 3" X 3" X s 6.1 3960
Total weight of girder and frames 23399

TABLE V Continued
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Item No. of Total Section
Pieces Length
Unit
Weight
Total
We ight
Stringers
Roadway 7 47* ^"1*1^ 6490
Track 2 do 9121^ 21* dl 62
Sidewalk 4 do 61^^ 1 505
Wood
Roadway =27* x 47 ' x 7" x 3^
Sidewalk = 1 2 * x 2 x 47 ' x 2" x 3^
31,100
7900
Total weight of floor pavement 3^^,000
Total weight of two girders 53.040
Details at 15^ ^.000
Total weight of floor Byetem 37669
Details and rivets at 5^
Total vreight of one leaf 1 3^,594
The approximate weight assumed 141,000
Difference 2406
N.B. The weight of track and hand rails are not taken into account.
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Art. 31. Recalculated Center of Gravity
This has to be worked out from the shop drawings. Limited time
does not permit the writer to do so.
Since the actual weight of the bridge checks up go closely with
the approximate weight preliminarily assumed by formula, corrections
are not necessary as far as the general dimensions are concerned.
Hov/ever, the location of the counterweight trunnion and conse-
quently, the length of the counterweight link may have to be slightl;
modified after the actual centers of gravity of the bascule span and
the counterweight are calculated from the shop drawings.

VII ESTIMATE OF COST OF THE BRIDGE
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SUPERSTRUCTURE, RIVER S^ANS
( 73 '-o" Approach Span ''5,000
350p00# at !'^.043 * 15p50
CAST SHOES 4p00# " .05 200
TRUNNIONS & PINS R000# " 0.12 960
TRUNNION BEARINGS, SLEEIVES, ETC. 14pOO# " o.in 1400
t
OPERATING AND LOCK MACHINERY 25000^ " 0.12 3000
CONCRETE COUNTERWEIGHT at 4p00# per cu.yd. 110 cu.yda. at o«0
ELECTRICAL EQUIPMENT:
2 - 20 HJ? Operating, Motors)
1 - 3 Lock Motor ) 2,125
WOODEN FLOOR J
Subplanking and Sidewalk planking, creosoted 25 M ft B
M
at #50 1,250
Surfacing (Plank or Wood Block) 610 sq.yds. at $ 3.00 1«30
STREET CAR RAILS: B tons at 35.00 2O0
HAND RAILING 440 lin. ft. at 1.00 440
OPERATOR'S HOUSE, MACHINERY ENCLO SURE, NAVIGATION SIGNALS, ETC*. 5«5
COST OF SUPERSTRUCTURE f!^2P000
SUBSTRUCTURE, RIVER SPANS
CONCRETE IN PIERS 450 cu.yds. «.00 3,600
REINFORCING STEEL 3000 # 0.03
t
COST OF SUBSTRUCTURE 3,6PO
REINFORCED CONCRETE APPROACHES
Concrete 2044 cu.yds. ^10.00 20,440
Reinforcing Rods lOOpOO # 0.03 3p00
Street Car Rails 16 ton 60.00 960
Wood Block Pavement 1470 sq.yds. 3.00 4,410
COST OF APPROACHES 2BjP10

4^
RECAPITULATION
SuperBtructiire
^ 2^,000
Substructure 3,690
Approaches 2g, g1
Total 60,500
Note
:
Cost of erection, chjarges for engineering services and Royalty
are not included in the above estimate.
Estimate of Monthly Running Expense
Operators: Twoat |;3C.OO per month each *100«00
Lubricating Oil and Miscellaneous 10.00
Watt-hours 9,000 at 0.10 per watt-hciir 90.00
Total #200.00
The consuir.pt ion of the electrical energy is estimated on the
assumption that the efficiency of the motors, (3$ - 360 R.P.n. 220 V.
- 20 H.F.) is ^OJa;. The bridge is v;orking under the most uri*avorable
conditions fully opened in 10 minutes at intervals of 30 minutes.
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VIII METHOD OF ERECTION
The method of erection is a very complicated proposition and
would require too much time to be worked out accurately. It may be
worth while to mention some of the more important details here.
For truss spans of bascule bridge it is necessary to figure
out first the erection stresses besides the stresses when bridge is
opened at different positions. The approach bridges and the booms
are first properly erected before commencing with the bascule span.
The bascule bridges are generally erected in the open position
80 as to permit river traffic to be maintained; the trunnion being
first properly located and the leaf is built out from these trunnionBl
while at the same time the counterv^eight is added as the leaf is com-
pleted so as to maintain a balance. In spite of the fact that the
counterweight is added as the leaf is completed, the structure is
anchored in place so as to prevent accidental movement, until oom-
plstion has been effected.
The floor and practically all appurtenances are placed on the
bridge in the open position, and the machinery is completely instille(.
except the minor details of the operator's house, before the bridge ii
loY/ered, so that when lowered the bridge is practically ready for serjl
vice
.
The unit weight of the counterweight is determined before erec-
tion so as to get as close to the counterweight computed as possible,
sample blocks being built for this purpose. Adjustment pockets are,
however, provided in the counterweight so that the total weight may
be varied in order to effect a more perfect balance as already de-
scribed in the design of counterweight frame Art. 1
Occasionally, these bridges are erected in a closed position, bu':
there is no material difference in the process except that false-work

must then be built to support the span over the river. In the open
position but very little falsework is required, the span itself serv.
ing as an erecting tower. Erection in closed position is only possi-
ble when traffic on the river may be closed.
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IX CONCLUSION
From the previoue considerations it is seen that a bascule bridgj
at the proposed point is a necessity and it is also clear that the
design herewith submitted solves the problem satisfactorily. It has
already been stated that this design makes the best appearance, in-
sures the safest performance, is the most efficient, the most economi|f.
cal, involves the least cost of maintenance^ and imposes no trouble
upon the City authorities. It places the City of Canton in line with
other advanced municipalities who have adopted the Strauss trunnion
bascule such as Chicago, Copenhagen, St. Petersburg, Quebec, and
Montreal, as already referred to.
The initial cost is estimated to be ^70,000 approximately. The
monthly running expense is ^200.00 or ^432.00 including 5?^ interest
on the capital, running expense per day about ^l6.00. How much less
is this than the number of additional launches and boats which will
be necessary in order to meet the future increase of traffic? How
much less than it would cost for traffic to cross the river once by
water instead of by bridge, and how much time would be saved? Con-
sideration of these items will prove that the bascule is a money and
time saver of sufficient amount to make its construction imperative
to the City.



